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SPACE ENVIRONMENTAL EFFECTS ON SEVERAL POLYMERIC AND METALLIC MATERIALS 
by 
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ABSTRACT 
The NASA Langley Research Center is engaged in continuing research on space environmental effects on 
materials. In this paper several current programs are reviewed. The programs involve space environ- 
mental effects on some polymeric materials and the adhesion of metals in ultrahigh vacuum. 
1. INTRODUCTION 
The NASA Langley Research Center is engaged in continuing research on space environmental effects on 
matcrials. Experimental and theoretical programs are being conducted on the effects of both natural and 
induced space environments on a variety of spacecraft materials. It is the purpose of this paper to 
review several current experimental programs which involve space environmental effects on some polymeric 
materials and the adhesion of metals in the ultrahigh vacuum of space. 
2. SPACE ENVIROPMTCNTAL EFFECTS ON POLYMERIC MATERIALS 
Polymers find widespread use in space and there is continuing practical interest in defining the behavior 
Of these materials in the space environmmt. Therefore a wide variety of polymericmaterials are being 
studied in Langley Research Center space environmental effects programs. 
a current program will be reviewed in which several filled elastomers are being investigated and some 
exploratory tests on nylon parachute material will be reported. 
2.1 Filled Elastomers 
Frequently elastomers are filled with other materials to improve their performance in a given applica- 
tion, and there is concern that exposure of filled elastomers to the space environment, particularly 
for long periods of time, will cause degradation in critical materials properties. Solid-propellant 
fuels and heat-shield materials are two types of filled elastomers that are often used in space systems, 
and a program is underway to study the space environmental effects on these two types of materials. 
As a first step in this program the rate at which gas is given off, or outgassed, in vacuum from the 
materials was determined. Outgassing rates for several solid-propellant fuels and for one heat-shield 
material were measured at vacuum levels from 10-5 to 10-9 torr and at vacuum exposure times to about 
500 hours. 
lished (e.g., NASA TN D-3790). 
measurements show that solid-propellant fuels and heat-shield material continue to outgas at relatively 
high rates even after extended vacuum exposure. 
Next, vacuum weight loss measurements were made to determine what the outgassing rates represented in 
terms Of actual mass lost. Representative results from these measurements for two materials are pre- 
sented herein. The first material is a composite solid-propellant fuel which has PBAA (polybutadiene 
acrylic acid) as the binder and ammonium perchlorate as the oxidizer. 
elastomer heat-shield material (Langley Research Center #E4A1). 
with silicon echospheres, phenolic microballons, and microquartz fibers added. 
In this section of the paper 
This portion of the program is essentially complete and the results are currently being pub- 
The results from these Therefore, the data will not be duplicated here. 
The second material was a silicone 
It consists of an elastomeric resin 
Thc. w c - i g h t ,  l o s s  measurements were made by placing a sample on t h e  pan of a vacuum microbalance exposing 
f ive-s ix ths  o f  the  sample surface a r e a  t o  the  vacuum. 
2-cm cube and had an i n i t i a l  weight of 13.27 grams; f o r  t h e  heat-shield mater ia l  it w a s  a 2.54-cm cube 
and had an i n i t i a l  weight of 10.32 grams. 
sure of 10-5 t o  10-6 t o r r  and t h e  weight of t h e  sample w a s  recorded continuously. 
2'70 hours f o r  t h e  propel lan t  and 348 hours f o r  t h e  heat-shield mater ia l .  
b e l l  jar enclosing t h e  vacuum balance and sample w a s  measured during the t e s t s  and var ied from about 
71' F t o  7 8 O  F. 
c i s ion  of the sample weight measurements i s  ahout 0.005$ of t h e  o r i g i n a l  weight. 
corrected f o r  buoyancy e f f e c t s .  
The measured weight loss da ta  f o r  these  two materials a r e  presented i n  f igure  1 as t h e  weight change i n  
percent of o r i g i n a l  weight as a funct ion of vacuum exposure time. Also shown f o r  reference on f i g u r e  1 
a r e  d a t a  f o r  s i l i c o n e  rubber (Dow-Corning S i l a s t i c  s i l i c o n e  rubber #glG-4-480, reference 1) which i s  
similar t o  t h e  u n f i l l e d  elastomer used i n  t h e  o ther  two mater ia ls .  The percent of o r i g i n a l  weight l o s t  
during vacuum exposure was small for  a l l  of t h e  materials, ranging from about 0.17 percent f o r  t h e  so l id-  
propel lant  f u e l  a t  270 hours t o  1.03 percent for the  heat-shield mater ia l  a t  348 hours. 
sol id-propel lant  f u e l  and the  heat-shield mater ia l  t h e  weight loss  r a t e  was higher i n i t i a l l y  than a f t e r  
25 or 30 hours Of exposure; however, both mater ia l s  continued t o  lose weight throughout t h e  vacuum 
exposure. 
0.1 percent  per  hundred hours and t h e  sol id-propel lant  f u e l  a r a t e  of about 0.05 percent  per  hundred 
hours. 
Of vacuum exposure. However, the  s m a l l  sample used i n  t h a t  study may have precluded the  de tec t ion  Of 
small weight loss rates. 
Mass spectrometric measurements were a l s o  made t o  i d e n t i f y  t h e  types of gases being evolved from these 
two mater ia ls  during vacuum exposure. These measurements were made by placing t h e  analyzer  of a time- 
o f - f l i g h t  mass spectrometer and a sample i n  t h e  vacuum chamber and evacuating t h e  chamber t o  about 
c a l l y  f o r  vacuum exposure times t o  about 500 hours. The samples used were s labs  about 10 cm square and 
1 cm t h i c k  and a l l  measurements were made a t  ambient temperature. 
Mass spectrogrwns a r e  presented i n  f i g u r e  2 for the  two materials as the  ion cur ren t  from the  analyzer 
fo r  each of t h e  peaks a t  d i f f e r e n t  mass-to-charge r a t i o s .  
a f t e r  180 hours i n  vacuum the mss spectrogram shows a v a r i e t y  of outgassing products. The peaks a t  It 
mass-to-chargc r a t i o  of 18 and 28 i n d i c a t e  t h a t  water and ni t rogen a r e  being released;  however, they 
c o n s t i t u t e  O f i l y  a s m a l l  percentage of the outgassed products. 
pheric  a i r  which w a s  e i t h e r  trapped i n  the  propel lan t  during mixing or absorbed during s torage.  The 
o ther  peaks a t  mass-to-charge r a t i o s  up t o  126 a r e  c h a r a c t e r i s t i c  of hydrocarbons from p r i n c i p a l  mate- 
r i a l  cons t i tuents  and a r e  probably coming from the  cracking p a t t e r n  of some parent  hydrocarbon. Andy- 
s i s  Of t h e  mass spectrograms over t h e  e n t i r e  exposure t i m e  shows t h a t  t h e  18 and 28 peaks from t h e  
atmospheric gasrs  predominate during the  f i r s t  15 hours of vacuum exposure. However, as the  vacuum 
exposure increases the  18 and 28 peaks cont inua l ly  diminish and t h e  hydrocarbon peaks become and remain 
predominant f o r  the  remainder of t h e  vacuum exposure. 
173 hours i n  vacuum the mass Spectrogram indica tes  a p i c t u r e  s i m i l a r  t o  t h a t  f o r  t h e  propel lan t ,  i . e . ,  
the  18 and 28 peaks (again probably from atmospheric gases)  appear but t h e  o ther  peaks predominate. 
lower leve l  of peaks above the background i n  f igure  2 ( b )  i s  because the  t o t a l  pressure i n  the  chamber 
w a s  about a f a c t o r  of 10 l e s s  than for f igure  ? ( a ) .  
The mass spectrometric measurements showing continuous evolut ion of a v a r i e t y  of gases coupled with the  
measured losses  i n  weight r a i s e  a quest ion about t h e  vacuum s t a b i l i t y  of  these  two mater ia l s .  In these  
t e s t s  t h e  source of the  evolved gas could not be determined. 
from any source can change mater ia ls  proper t ies ,  and it appears l i k e l y  t h a t  continued loss during 
extended exposure would cause changes. 
A s  t h e  next s t e p  i n  the  program it was decided t o  measure d i r e c t l y  any changes i n  key materials prop- 
e r t i e s  due to environmental exposure. 
measure the t e n s i l e  s t rength of samples i n  vacuum subsequent t o  vacuum exposures of varying durat ion.  
I n  s i t u  t e n s i l e  t e s t i n g  w i l l  e l iminate  u n c e r t a i n t i e s  assoc ia ted  with t h e  e f f e c t s  of readsorpt ion Of 
gases on the samples i f  they a r e  reexposed t o  t h e  atmosphere f o r  t e n s i l e  t e s t i n g .  Tests  using t h i s  
EippitratUs are cur ren t ly  i n  progress. For t h e  hea t -sh ie ld  materials, apparatus  is  being constructed S O  
thrit samples can be removed from t h e  vacuum chamber a f t e r  exposures of varying dura t ion  and t ransfer red  
t o  an a r c  deb while s t i l l  uncles riruUm, can be repressur ized  with gases representa t ive  Of Various Plane- 
For t h e  sol id-propel lant  f u e l  t h e  Sample w a s  a 
The trapped diffusion pumped system was evacuated t o  a Pres- 
The t e s t  durat ion w a s  
The temperature Of t h e  g l a s s  
The minimum weight change t h e  balance can record i s  about 0.5 milligram, thus t h e  pre-  
The measured d a t a  a r e  
For both the  
After  severa l  hundred hours t h e  heat-shield material tended t o  seek a l o s s  r a t e  of about 
Reference 1 indicated t h a t  t h e  s i l i c o n e  rubber l o s t  a l l  of i t s  weight during the f i r s t  10 hours 
t o  10-9 t o r r  with a trapped d i f fus ion  pumped system. Mass spectrograms were then t&en per iodi -  
I n  f igure  2 ( a )  f o r  the  sol id-propel lant  f u e l  
These two peaks a r e  probably from atmos- 
In  f igure  2(b)  for  t h e  hea t -sh ie ld  material a f t e r  
The 
But t h a t  may not be p e r t i n e n t  Since loss 
For t h e  so l id-propel lan t  f u e l s ,  apparatus has been constructed t o  
* at.md'dph%s, and can then *injected i n t o  t h e  high-enthalpy stream t o  determine t h e  thermal 
per f-e .- * *  
Y 
2.2 Nylon Parachute Mater ia l  
Many spacecraf t  use parachutes as t h e  dece lera t ion  and landing system f o r  t h e  r e e n t r y  capsule. Thus a 
question i s  r a i s e d  a s  t o  the e f f e c t s  of t h e  vacuum soak and subsequent atmospheric reexposure on t h e  
t e n s i l e  s t rength  of the  parachute mater ia l .  We have conducted some exploratory t e s t s  f o r  nylon para-  
chute mater ia l  t o  determine these  e f f e c t s .  Nylon parachute m a t e r i a l  samples were exposed t o  vacuum 
below 1 x 10-6 t o r r  f o r  approximately 1 month. Af te r  removal from vacuum t h e  samples were exposed t o  
a i r  with 60-percent r e l a t i v e  humidity. Samples were then t e n s i l e  t e s t e d  t o  t h e i r  ultimate s t rength  as a 
funct ion of time a f t e r  removal from vacuum. These r e s u l t s  were compared t o  r e s u l t s  from a group of con- 
t r o l  samples t o  determine t h e  magnitude of t h e  e f f e c t s .  
The samples were cu t  from a s tandard nylon personnel parachute canopy. 
M i l .  Spec. MIL-C-7020, type 1, and w a s  manufactured on September 18, 1963. It weighed approximately 
1.1 ounces per  square yard and had an ul t imate  t e n s i l e  s t rength r a t i n g  by t h e  manufacturer of 40 pounds 
per  inch of width. The samples were made by c u t t i n g  rectangular s t r i p s  9 inches long and approximately 
1- inches wide and then ravel ing t o  1-inch width by removing approximately t h e  same number of threads 
from each s ide .  This  procedure i s  i n  accordance with Fed. Spec. CCC-T-1911, method 5104. All samples 
were cu t  f r o m t h e  same sheet  of c lo th .  
The m a t e r i a l  conforms t o  
1 
4 
The samples were hung i n s i d e  a s t a i n l e s s  s t e e l  b e l l  jar vacuum chamber and t h e  system w a s  evacuated with 
a trapped d i f f u s i o n  pump system t o  below 1 x 10-6 t o r r .  
caused t h e  system t o  be shutdown. During t h i s  shutdown the chamber re turned t o  ambient pressure f o r  
about 5 minutes and t h e  samples were exposed t o  ambient a i r  a t  75' F and 60-percent r e l a t i v e  humidity. 
The pumping w a s  then resumed and t h e  vacuum was maintained f o r  27 consecutive days below 1 X 10-6 t o r r .  
The temperature of  the  b e l l  jar during t e s t s  w a s  about 7 5 O  F. 
Upon completion of t h e  vacuum exposure t h e  samples were s tored i n  a i r  at  atmospheric pressure and a t  
75' F and 60-percent r e l a t i v e  humidity. 
vacuum exposure'. A standard t e n s i l e  t e s t i n g  machine w a s  x e d  a t  a cross  head speed of 12 inches per  
minute. The sample gauge length  w a s  5 inches. Samples were t e s t e d  a t  i n t e r v a l s  of a few minutes f o r  
t h e  f i r s t  40 minutes after vacuum exposure. Then 5 addi t iona l  samples were t e s t e d  s t a r t i n g  a t  about 
60 minutes a f t e r  vacuum exposure and t h e  l as t  5 samples were t e s t e d  s t a r t i n g  at about 24 hours. A l l  
t e s t s  were conducted a t  ambient condi t ions of 7 5 O  F and 60-percent r e l a t i v e  humidity. 
Control samples, from the  shee t  of c l o t h  from which t h e  vacuum samples were cu t ,  were prepared as pre-  
viously described. 
t e s t  was s t a r t e d .  
group of 5 c o n t r o l  samples w a s  placed on t h e  she l f ,  w a s  stored a t  ambient condi t ions u n t i l  t h e  day t h a t  
t h e  vacuum tes ts  were completed, and w a s  then  tes ted .  
was 47.6 pounds p e r  inch. 
inch, w a s  used as t h e  reference i n  computing the  percent  change i n  ultimate s t rength  of t h e  vacuum 
exposed samples. 
The resul ts  from these  t e s t s  a r e  presented i n  f i g u r e  3 a s  the  ul t imate  s t rength  change i n  percent  of 
o r i g i n a l  s t r e n g t h  versus t i m e  out of vacuum. 
been included because they d i d  not vary s i g n i f i c a n t l y  from t h e  d a t a  taken a t  about 60 minutes. 
ind ica tes  t h a t  long-term vacuum soak followed by subsequent exposure t o  humid a i r  causes increas ing  
degradation t o  occur reaching a value of  a b m t  10 percent about 30 minutes a f t e r  removal from vacuum. 
With f u r t h e r  increases  i n  t i m e  t o  about 40 minutes t h e  mater ia l  appeared t o  rega in  a s u b s t a n t i a l  amount 
Of t h e  s t r e n g t h  l o s t .  
s t i l l  suf fered  about an 8-percent reduct ion i n  u l t imate  s t rength.  
degradation due t o  vacuum exposure a t  f irst  appeared t o  be very small, t h e  vacuum had rendered t h e  nylon 
m a t e r i a l  s u s c e p t i b l e  to s u b s t a n t i a l l y  g r e a t e r  degradation a t  a l a t e r  time. 
After 10 days of vacuum exposure a malfunction 
Tensi le  t e s t i n g  was begun s h o r t l y  a f t e r  completion of t h e  
A group of 5 c o n t r o l  samples w e r e  t e s t e d  a t  ambient conditions on the  day t h e  vacuum 
The average ul t imate  s t rength  of these  samples was  48.6 pounds per  inch. A second 
The average ul t imate  s t r e n g t h  of these  samples 
The average ul t imate  s t r e n g t h  of a l l  10 control  samples, 48 .1  pounds per 
The da ta  at 24 hours a f t e r  removal from vacuum have not 
Figure 3 
However, a t  60 minutes and at  24 hours a f t e r  removal from vacuum t h e  material 
It i s  noteworthy t h a t  although t h e  
3. ADHESION OF METALS 
It has been demonstrated i n  labora tory  u l t rah igh  vacuum systems t h a t  c lean  metal surfaces  w i l l  adhere. 
When it i s  recognized then t h a t  i n  t h e  u l t rah igh  vacuum of deep space s e v e r a l  mechanisms a c t  t o  c lean 
exposed sur faces  ( i . e . ,  evaporation, erosion by energe t ic  p a r t i c l e s ,  and abrasion) ,  it becomes apparent 
t h a t  t h e  adhesion of  c lean m e t a l  surfaces  may present  a c r i t i c a l  problem i n  t h e  performance of space 
systems. A program on t h e  adhesion of mater ia l s  is underway at  t h e  Langley Research Center i n  which t h e  
adhesion of  spacecraf t  metals i s  being def ined and adhesion phenomena a r e  being elucidated.  
c l e a n l i n e s s  i s  an important parameter i n  adhesion phenomena, a l s o  included i n  t h i s  program is t h e  devel- 
opment of  techniques f o r  measuring t h e  degree of surface cleanl iness  of mater ia ls  and a study of surface 
cleaning techniqiit=s. 
formed by t h e  Nat ional  Research Corporation ( r e f .  2 )  which i s  a p a r t  of t h e  o v e r a l l  program. 
Since surface 
in t h i s  ~ q e z  7;:: ~:ll ;r:zcnt s c l c c t c l  r ~ . L t , s  frcU a I C C C I I ~  c u r ~ i r a c i  scuay per-  
One of  t h e  object ives  of t h i s  study w a s  t o  determine i f  abrasion between mating metal par t s ,  such as 
might be experienced during serv ice  i n  space, would d is rupt  the  contaminating f i lms and cause adhesion. 
In  t h e  atmosphere when metals a r e  abraded and then separated, t h e  disrupted oxide and contaminated f i lms 
a r e  recons t i tu ted  almost instantaneously because the impingement r a t e  of t h e  atmospheric gas i s  very 
high. In  the u l t rah igh  vacuum of space, however, t h i s  i s  no t  the  case. The gas impingement r a t e  i s  
very low and it would take days o r  even months before  the oxide and contaminant films could re-form. 
the  meantime the  clean metal  surfaces  a r e  exposed and, if brought i n t o  contact ,  may adhere. I n  Order 
t o  simulate possible space serv ice  condi t ions i n  t h i s  study t h e  samples were subjected t o  an abrasion 
treatment in  vacuum followed by adhesion t e s t s  i n  vacuum. 
A sketch of the experimental apparatus i s  shown i n  f i g u r e  4. 
s t a i n l e s s - s t e e l  c y l i n d r i c a l  vesse l  enclosed a t  both ends with s e a l  p l a t e s  supporting t h e  loading Stages. 
Optical  and instrumentation p o r t s  were provided around the  chamber w a l l .  The chamber was evacuated with 
a trapped diffusion pumping system. 
3 X For tests with t h e  samples a t  elevated temperatures 
a res i s tance  wound platinum wire furnace was i n s t a l l e d  surrounding the samples. 
Rotary and v e r t i c a l  forces  were imparted t o  t h e  samples by t h e  upper and lower loading assemblies. In  
the  upper assembly t h e  r o t a t a b l e  s h a f t  v e r t i c a l l y  penetrated through a low conductance bear ing seal i n  
the upper flange p la te .  Exter ior  t o  the  chamber the  s h a f t  w a s  enclosed i n  a d i f fus ion  pumped cy l in-  
d r i c a l  housing t o  minimize gas leakage i n t o  t h e  t e s t  volume through t h e  bearing s e a l .  The f r e e  end of 
the  s h a f t  was coupled t o  an e l e c t r i c  motor which could dr ive  t h e  s h a f t  a t  about 20 rpm under Compressive 
loads up t o  lo0 pounds. 
at  about the same speed. In  the  lower assembly a manual screw ram dr ive  permitted v e r t i c a l  shaf t  t r a n s -  
l a t i o n  i n t o  the t e s t  volume through a bellows s e a l .  The maximum ram force w a s  1000 pounds. The force 
imposed on the samples was monitored by a load c e l l  a t tached  t o  t h e  lower s h a f t .  
loading shaf ts  were r i g i d l y  al igned i n  the  vacuum chamber by a guide f i x t u r e  (not  shown). 
Sample couples were fabr ica ted  of copper, titanium, and tungsten. The upper sample w a s  a hemisphere- 
cyl inder  w i t h  a nose radius  of 13/16 inch.  
mating surface an inverted cone w i t h  H. half-angle  of 71.5'. Thus, when t h e  samples were brought i n t o  
contact  t h e  area of contact  was a narrow r a d i a l  band. Af te r  machining, the  sample t e s t  sur faces  were 
ground and polished, heat  t rea ted ,  and then given a f i n a l  diamond pol i sh .  
sonica l ly  cleaned. 
were being i n s t a l l e d  i n  the t e s t  volume s p e c i a l  care  was taken t o  keep them clean.  
Tests  were conducted by evacuating thc  system, with a p a i r  of l i k e  samples i n s t a l l e d ,  t o  a pressure of 
about 5 X 
The abrasion method used was t o  r o t n t r  the  upper sample at  about 20 rpm while i n  contact  with the  sta- 
t ionary  lower snmple f o r  a f ixed per iod of time under load. For t h e  r e s u l t s  presented here  t h e  loads 
and t i l e s ,  resprc t ive ly ,  were 500 pounds and 3 minutes f o r  titanium; 500 pounds and 1 minute f o r  tung- 
s ten;  and 20 pounds and 10 minutcs f o r  copper. The e f f e c t s  of var ia t ions  i n  load during abrasion and 
length 01' time ol' abrasion were a l s o  s tudied and the  r e s u l t s  showed t h a t  s i g n i f i c a n t  adhesion took place 
f o r  loads as low as 20 pounds and times of about a minute. Immediately following t h e  abrasion treatment 
adhesion test,s wcrc conducted accord ing t o  the  following procedure: 
a compressive loird of 1000 pourid:; wi ts  :ipplied f o r  5 minutes a t  room temperature. 
the  compressive l'orce, the  r e s i d u a l  shear  torque required t o  r o t a t e  t h e  upper hemispherical Sample 
r e l a t i v e  t o  t h r  lower sample w a s  measured with a torqueometer a t tached  t o  t h e  upper shaf t .  
t e s t  was repeated with t h e  samplrs a t  temperatures up t o  300° C. 
The r e s u l t s  from these t e s t s  a r e  presented i n  f i g u r e  5 as r e s i d u a l  shear  torque versus Sample tempera- 
t u r e .  
temperature the adhesion increased s u b s t a n t i a l l y ,  as indica ted  by t h e  l a r g e  increase  i n  r e s i d u a l  shear  
torque. For both tungsten and copper s i g n i f i c a n t  adhesion w a s  de tec ted  a t  room temperature. 
s ten ,  however, increases  i n  temperature t o  500° C caused only s l i g h t  increases  i n  adhesion. 
trast, f o r  copper the  adhesion w a s  extremely s e n s i t i v e  t o  temperature, s o  much so  t h a t  t h e  r e s i d u a l  shear 
torque exceeded the l i m i t  of measurement of 300 in- lb  above about 200' C.  
These r e s u l t s  ind ica te  t h a t  s u b s t a n t i a l  adhesion forces  may be generated i n  engineering m e t a h  i n  deep 
space during normal se rv ice .  T ~ P  r e s u l t s  a l s o  suggest t h a t  t h e  adhesion of metals i s  r e l a t e d  t o  Prop- 
e r t i e s  of t h P  oxidc f i l m  as well as the  mechanical proper t ies  of t h e  bulk mater ia l .  
s:lmplPs were the s o f t e s t  of the  three  mater ia l s  t e s t e d .  
lower oxide bond energies, showed a much g r e a t e r  tendency t o  adhere a t  ambient temperature than titanium 
which has et tenacious oxide t h a t  i s  d i f f i c u l t  t o  remove. 
s o f t e r  copper gave higher  adhesion forces  than t h e  harder  tungsten. 
i n  t h e  y ie ld  s t rength  for copper and t i t an ium caused increased p l a s t i c  flow i n  t h i s  load-temperatwe 
In  
The chamber w a s  a 16-inch-diameter 
After  bake-out t o  40O0 C, t h e  system a t t a i n e d  a pressure Of 
t o r r  with the  f u l l  experimental assembly. 
For compressive loads g r e a t e r  than 100 pounds t h e  s h a f t  was manually r o t a t e d  
The upper and lower 
The lower sample w a s  a 12 - inch-diameter cy l inder  with t h e  
8 
The samples were then u l t r a -  
After  c leaning the  samples were s tored  i n  a dess ica tor  u n t i l  used. When t h e  samples 
t o r r  at room temperature. The samples were then subjected t3 an abrasion t reatment .  
(1) With t h e  samples s ta t ionary ,  
( 2 )  w o n  r e l e a s e  of 
( 3 )  The 
For titanium e s s e n t i a l l y  no adhesion was detected u n t i l  about 150' C. With f u r t h e r  increases  i n  
For tung- 
I n  Con- 
The t i t an ium 
However, the  copper and tungsten, which have 
On t h e  o ther  hand f o r  copper and tungsten the  
A t  e leva ted  temperatures reduct ion 
range, and thus the  adhesion increased. For tungsten, which has a very high melting point ,  very l i t t l e  
p l a s t i c  flow w a s  induced and thus t h e  adhesion w a s  r a t h e r  i n s e n s i t i v e  t o  temperature i n  t h i s  load- 
temperature range. 
4.  CONCLUDING FSMARKS 
Several  cur ren t  space environmental e f f e c t s  programs a t  the Langley Research Center have been reviewed. 
Selected r e s u l t s  from a program on the space environmental e f f e c t s  on polymeric mater ia l s  ind ica te  t h a t :  
(1) severa l  f i l l e d  elastomers evolve gases continuously during vacuum exposures of hundreds of hours, 
fur ther ,  t h i s  gas evolution r e s u l t s  i n  weight losses  Of a b u t  1 percent  or l e s s ;  and ( 2 )  long-term 
vacuum soak of nylon parachute mater ia l  causes reduct ions i n  t e n s i l e  s t rength as high as 10 percent  on 
reexposure t o  t h e  atmosphere. Selected r e s u l t s  from a program on t h e  adhesion of metals i n  u l t rah igh  
vacuum indica tes  t h a t  copper, titanium, and tungsten may adhere i n  space during serv ice  as a r e s u l t  of 
abrasion between mating p a r t s .  
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Figure 1.- Weight l o s s  as a funct ion of vacuum exposure t i m e .  
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